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impetus Tor the Stugdy

{ autr1s aprts  aults Qeris Jani? Mar't? )

2015 White House Memorandum calling for modermizatipn of the
botechnology regulatory system:

¢ Undate the Coordinated Framework

= Clarify the roles and responsibilities of the agencies that regudate o “products
of bistechnology”

# Formulate long-term strategy for botachndlogy regulatory system
=~ Efficiently assews risks ausociated with futurs produnts of blovechnology

=~ Symport innevation, protect heslth and ervironment, promote public
confidence in repulatory process, increase ransparency and predictability,
redune unnecessary <osts and burdens

# {omrrdssion an externad, independent aralysis of the futurs landunape of
bistechnology products
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Cutlins of the Report

1. introduction and Sontext

2. Emerging Trends and Products of Biotechnalogy
® Serting the Stags Understanding the Bey Drbvers for Future Biotechndogy Producix
& Fotures Blotechrslosy Produeocts

3. *{m {Zurmm Bmwchnoiﬁgy Regulatory Svstem
g Rl atory Syites
matiovmd Safeny
» i:ﬁ,s\- ;r'ws’:;';;sa:z)t»;z.i Provectinn
4, Understanding Risk Related to Future Blotechnology Products
& Rishs from Futurs Blotechnoloyy Products: Sledflarities 1o the Past and Gaps Goidng Forvard
» Existing Federal Capabilities, Expertise, arsd Tapacity
. Upportunities to Enhance the Capabilities of the Bintechnology
Regulatory Systerm

* Cosmistent, Efficient, arsd Effective Decision Making for Futige Products of Blotechnsiogy
* Tochoical Toolbox and Capabidlities for Bisk sasessmment and Repudatory Mience

&, Conclusions and Recommendations
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STATEMENT OF TASK

» Describe the major advances and the potential new types of biotechnology products likely to
emerge over the next 5-10 years.

¢ Describe the existing risk-analysis system for biotechnology products including, but perhaps not

limited to, risk analyses developed and used by EPA, USDA, and FDA, and describe each agency’s

authorities as they pertain to the products of biotechnology.

s Determine whether potential future products could pose different types of risks relative to

existing products and organisms. Where appropriate, identify areas in which the risks or lack of

risks relating to the products of biotechnology are well understood.

« -Indicate what scientific capabilities, tools, and expertise may be useful to the regulatory

agencies to support oversight of potential future products of biotechnology.
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FUTUBE PRODUCTS OF

TECHNOLOGY /S PRODUCT

-

Male-Sterile dedes qegypt Mosguitoes for

Population Suppression

Welbachia-based Mosaguito Population
Suppression

Gene Dirives - Plants and Animals
{Crmservation and Agricudtural}

Argerican Chestnut with Resistance to
Chestnut {Cryphonectria} Blight

Microbial Consortia - Bloremediation,
Microbiome Modification, BloMining

Synthetic dsRNA Sequences for Pest Controd

Genetically Recoded Crganisms - Altered
Ceading avd Aming Acids

Gene edited plants, wicrobes, anbmals

BIOTECHNOLOG

TIMEFRAME

b reviesw

In review

5 - 10 years

Soar

500D

Wery seom

2B years

1-14 years
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MOSQUITO POPULATION REDUCTION

Two different approaches which accomplish the same thing:

1) Wolbachia pipieniis, a bacterium living within the mosguito host

« Wolhachic males give riss to non-viable eggs whety mating with native mosguitoes
23 Mosquito genetically engineered to express conditional lethality {sterility)

« Emales give rise to viahle ages when mating with native mosguitoes, but larvae do not
okt o becorne adults

Both technologies work through release of male mosquitoes which are incapable of
reproducing and do not remain in the environment
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Oxitec OX513A
Aedes aegypti

Tetracycline antibiotic is necessary for the GF mosquitoes to grow and reproduce

« In absence of tetracycline, leads to gene sypression being disrupted - lethall

&

A Red Fluorescent protein marker is used to track the larvae which resull from mating with
the released GF mosquitoes

» Population suppression is stated gost of environmental release of sterile males
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OXITECOX513A MALE STERILE MOSQUITOES

e Oxitec mosquitoes have credible efficacy data from
Brazil, Cayman Islands, Panama and Malaysia

e Released 2-3x per week
¢ Requires ongoing release and monitoring

e No environmental persistence of genetic construct /
mosquito; GE males last 2-3 days
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FEDERAL OVERSIGHT OF GE MOSQUITOES

¢ FDA Guidance document #236 - public comments
» Awaiting signature from FDA authorities

o Will provide for Federal Government oversight at
some point where primary goal is mosquito
population suppression

e EPA provided technical support to the EA / FONSI
effort for FDA-CVM along with CDC
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| WOLBACHIA-BASED MOSQUITO MANAGEMENT

Wolbachia - intracellular bacterium
Cannot be cultured

Present in ~60% of all insect species
Naturally present in some mosquitoes
Maternally inherited

Not naturally present in Aedes aegypti, the yellow
fever mosquito
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TREATMENT OF FIELD SITES WITH WOLBACHIA

# Wolhnchip-infected male mosaquitoes releagsed

= Treatment of entire nelghborhoods with few application sites.
# (ne release site covers ~200 vards (diameter}

® Application 1-2x per week throughout mosquito season

v Foog resulting from mating of Walbeohin males and wild type females dont hatch

# Population suppression (s primary goal

® Mo establishiment of Welbachis-infected population
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REGULATORY STATUS OF WOLBACHIAIN U5

»

&

»

Waoilbachia-infected mosquitoes are treated as microbial pest control
agents under FIFRA

Field trials have been underway for a couple yvears in Californig,
Kentucky and New York with Aedes albopictus 7AP

Field trials {(Section 5 EUPY approved for Ae. gegypti wAlBE - FLoand CA

Ae. albopictus TAP ~ pending Section 3 registration in 2017
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GENE DRIVES - REGULATION

Theskewed inheritance of » particular gene to increase its pravalence n a
population; non-Mendellan inheritance patterns

May function in sexually reproducing organisms (not viruses or bacteria}
Ne gene drive carrying organisms are currently pending at EPA for approval

Which agency regulates a particular gene drive will depend on the specific
characteristics of that gene drive : host combination

There is a self-imposed moratorium presently on any fleld releases

Gene Drives: National Academy of Sclences, Engineering and Medicine report; 2016

s hitps/ fwwwnap.eda/ratalog /23405 gene-drives-on-the-horizon-advancing-science-
pavigatiog-uncertainey-and
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GENE DRIVES FOR RODENT CONTROL

{slandConservation.Org has performed considerable research on gene drives for
management of mice and rats on islands infested with rodents

Rodents with an engineered gene drive may lead to establishment of a population
which produces only male offspring,

A naturally scourring gene drive in the mouse genome could cause almost exclusive
bias male-only inheritance,

The devastation of invasive redent populations is extensive!

{sland release of a gene drive mechanism provides for g meaningful isolation of the
prganism{st and thelr effects, as well as isolation of the test organism
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RNA INTERFERENCE FOR PEST CONTROL

» dsRNA may be used as a pesticidal substance {o counteract Gypsy
Moths and the Brown Marmuorated Stinkbugs for example

« Delivery of a dsRNA solution to plant leaves as a spray leads to
consuraption by larvae and adulis

« The dsRNA targets a specific gene{s) in the insect which is important
for normal function; inhibition of that gene leads to demise of the pest

» dsBNA can be targeted to virtually any gene in an organism

« dsRNA does not persist in the envivonment and is target specific

s Sendomelogyunuledudnews roai-the-lusectivide-of-the-future
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GENE EDITING FOR PLANT DISEASE RESISTANCE

Bread Wheat has 3 sets of chiromosomes (hexaploid) making breeding for disease
resistance and traditional gene additions problematic, if not impuossibie

Researchers used TALEN and CRISPR/Cas% technologies to simultaneously edit DNA
sequences in 3 pairs of genes (n wheat

Resulted in 530 DNA base pair changes in a total of 6 genes {gene knockouis)

Resistance to Powdery Mildew fungus {Blmeria graminis} has been long sought in
wheat 43 1t {s very costly to vield and requires lots'of chemical fungicidesto combat

stildew Hesistavee in Bread Wheat - Wang ot al., Nature Biowechaniog

FRO RN A A AT AR SRR wadnestnans

Edifing Dut Peaticid
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American Chestnut Research and Restoration Project

American Chestnut once covered an extensive range across the US
and was g valuable soyurce of wood, nuts for human and wildlife
consumption, and impacted local economies in a significant manner
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AMERICAN CHESTNUT RESTORATION PROJECT

« Chestnut blight decimated American Chestnut, Castanea dentata, from 1910 - present

« Fungal pathogen, Cryphonectria porasitica, relies on oxalate production for canker
formatien and nvasion of tssues

» Bill Powell, SUNY, introduced oxalate oxidase {0x07 from wheat into American Chestnut
» Reduced canker size In transgenic trees s promising and in fleld trials (APHIS permit}

= Ultimate goal is to establish trees into eastern forests without management
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AMERICAN CHESTNUT RESTORATION PROJECT

USDA-APHIS regulates transgenic chestnut due to use of plant pest sequences
EPA-OPP regulates transgenic chestnut dus to pesticidal action of transgene

The American Chestnut Foundation (s working through genetic backerosses to
improve the habit and phenotype / diversity of the final tree type for planting

Establishing a once native species into forests w/o management will reguire
consideration of impacts on any native species present in that community and 2 shift
in regulatory paradigm for EP4A

Risk analysis is simplified by the history of safe use / exposure from many Ox(
containing plants / foods, however, potential impacts to native communities may
require modeling-hased analysis to ascertain effects on various species
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GENERAL PREDICTIONS IN NASEM REPORY

« The scope, scale, complexity and tempo of future products of biotechnology will
increase in the next & ~ 10 years

= Future products will include a wider array of organisms and be increasingly diverse

» To serve a large number of niarkeis such as health, energy, environment, food, and
personal care

= The overall number of products entering the repulatory system will increase
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CONCLUSIONS AT THIS POINT

The NASEM report on Future Products of Biotechnology is lengthy and covers many
different aspects of regulation, analyses, research and socloeconomic drivers

EPA will continue to consider the recommendations from the report as novel
technologies arise, but will also invest in ongoing horizon scanning

With the technologies involved in gene sditing, genome engineering and synthetic

binlogy, we are clearly entering a new arena in regulation of bigtech

Computer modeling of environmental risks will ikely be increasingly important as
comparators from the scientific Hiterature may not exist in cases of organisms
created through synthetic biology (e, de novo sequences, nuclentides)

An increase in the diversity of organisms utilized for agricultural, medical,
epvirommental remediation, mining and other purposes is evident
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FEEDBACK TO EPA-OPP

tow e novel fe ggles address concerns you may have with regard
How do these novel technologles address concerns you may have with regard to
pasticide use or solving envirenmental {ssuss?

Do these novel technologles generate new concerns in and of themselves?

What other stakeholders might the Agency be missing input from?

How best would the Agency reach out to these people / groups?

Are there mechanisms by which the Agency could help those unfamiliar with our
regulatory system to navigate more affectively to see their technnlogies reach the
marketplace?

Anyihing else yvou would like to provide feedback on?
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